Incubation of gonyautoxins with tissue extracts prepared from two species of crab, Atergatis floridus and Eriphia scabricuia, and from the turban shell, Turbo argyrostoma, confirmed transformation of gonyautoxins to saxitoxin through reductive elimination of C-11 hydroxysulfate and N-1 hydroxyl moieties. The reaction did not take place under bacteriostatic condition, indicating that bacteria rather than tissue enzymes were responsible for the reduction. The bacterial role was further confirmed by the fact that Pseudomonas sp. and Vibrio sp. isolated from the viscera of the above animals similarly converted gonyautoxins into saxitoxin. The bioconversion ex plained, at least partly, the discrepancy that saxitoxin and neosaxitoxin were predominant in the crabs and snails while their food alga, Jania sp., contained only gonyautoxin-I, -II, and -III. Incubation with bacteria showed little effect on saxitoxin.
Bacterial Transformation of Paralytic Shellfish Toxins in Coral Reef Crabs and a Marine Snail
Yuichi KOTAI,*l Yasukatsu OSHIMA,*2 and Takeshi YASUMOTO*2 (Accepted November 14, 1984) Incubation of gonyautoxins with tissue extracts prepared from two species of crab, Atergatis floridus and Eriphia scabricuia, and from the turban shell, Turbo argyrostoma, confirmed transformation of gonyautoxins to saxitoxin through reductive elimination of C-11 hydroxysulfate and N-1 hydroxyl moieties. The reaction did not take place under bacteriostatic condition, indicating that bacteria rather than tissue enzymes were responsible for the reduction. The bacterial role was further confirmed by the fact that Pseudomonas sp. and Vibrio sp. isolated from the viscera of the above animals similarly converted gonyautoxins into saxitoxin. The bioconversion ex plained, at least partly, the discrepancy that saxitoxin and neosaxitoxin were predominant in the crabs and snails while their food alga, Jania sp., contained only gonyautoxin-I, -II, and -III. Incubation with bacteria showed little effect on saxitoxin.
HASHIMOTO and colleagues were the first to report the occurrence of a potent toxin in coral reef crabs, Zosimus aeneus, Atergatis floridus, and Platypodia granulosa, and to identify saxitoxin (STX) in Z. aeneus.l) The same toxin was also reported by YASUMOTO and KOTAII in the turban shell Turbo argyrostoma having similar habitat.2) In later studies we also found a number of other crabs and snails to bear neosaxitoxin (neoSTX), decarbamoylsaxitoxin (dcSTX), gonyautoxin I-IV (GTX1-4), and an unknown toxin codenamed TST in the above animals.3-5) The primary source of these toxins was presumed to be the calcareous red alga Jania sp.6) However, in the crabs and snails, strongly basic toxins such as STX and neoSTX were always predominant over their hydroxysulfate derivatives (GTX1-4), though details differed from species to species, while only GTX1,2,3 were detectable in Jania sp. This dis crepancy in toxin composition between the toxinaccumulating animals and their food alga led us to investigate the possibility of toxin conversion during the accumulation process.
The present paper deals with bioconversion of GTX1-3 to STX through reductive elimination of N-1 OH and C-11 OSO3 groups of GTXs by two species of bacteria, Pseudomonas sp. and Vibrio sp., isolated from the viscera of the crabs and the turban shell. the extracts of crabs and the turban shell for 60h are shown in Fig. 1 . In the absence of toluene, conversion of toxins was evident as indicated by the decrease of GTX2,3 and appearance of STX, though conversion rate differed remarkably de pending on animal species; 98, 9 and 34%, re spectively for A. floridus, E. scabricula and T. argyrostoma.
On the other hand, GTX2 ,3 re mained unchanged under bacteriostatic conditions achieved by addition of toluene.
Two types of bacteria grew dominantly when suspensions of the viscera of the crabs and the turban shell and the washings of the red alga Jania sp. were inoculated to agar plates. The two species were code-named OK-1 and OK-2. composition between toxin-accumulating coral reef animals and their food alga proved the bio conversion of GTX1-3 to STX during incubation with viscera extracts of the animals. The con version is accomplished by bacteria rather than by tissue enzymes, as it did not proceed under bacteri ostatic condition. Further support for the bac terial role was obtained by the isolation of two species of bacteria capable of reductive elimina tion of N-1 OH and C-11 OSO3 groups. It is interesting to note that the reaction proceeded much faster under anaerobic conditions than under aerobic conditions' parallelling with the reductive nature of the reaction. When GTX1-3 were incubated with Pseudomonas sp., reduction of N-1 OH seemed to precede that of C-11 OSO3, as indicated by the rapid increase of GTX2,3 and the delayed appearance of STX in the medium (Fig. 3a) . However, neoSTX is judged to be more resistant than GTX, to the bacterial transforma tion despite its possession of N-1 OH (Fig. 3c) . STX was little affected by incubation with bacteria. These results agree with the abundance of neoSTX and STX in the crabs and snails. The visceral suspensions used for inoculation were obtained from live specimens after sterilization of the outer surfaces with alcohol. Therefore, the bacteria must have originated in the digestive tract and it may be feasible to expect the bioconversion to take place in the digestive tract, accounting for, 
